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TO:  Andrei Seryi  
  Tom Markiewicz  
 
FROM: Dieter Walz 
 
SUBJECT: Addition of Boron to ILC Main Dump Water System  
             
You inquired about the feasibility and possible advantage of adding boron (B) to the ILC 
main beam dump radioactive water system. The motivation is driven by the desire to 
reduce the backscattered neutron flux to the detector. 
 
Boron, specifically the naturally occurring isotope 10B (19.6% of natural boron)  has a 
large thermal (~0.025 eV at 25°C)  neutron absorption cross section, (natural boron ~720 
barns at 0.02 eV). The process is 10B (n,α) 7Li (which is also a stable isotope). 
Unfortunately, the high energy e-beams (250 to 500 GeV) generate large numbers of 
Bremsstrahlung photons in the cascade shower which in turn produce large numbers of 
neutrons with energies from a few MeV on up. Bill Morse in his notes on “Neutrons 
From The ILC Dump” (August 21, 2007) correctly states that the majority of neutrons 
generated in the dump are giant resonance neutrons from oxygen (16O), where the 
resonance varies from 3 to 7 MeV. But much higher energy neutrons are produced as 
well. All of these are fast neutrons and they lose energy, i.e., slow down and acquire 
lethargy by scattering. Unfortunately, for neutron energies >10 keV water and other 
hydrogenous media like concrete or polyethylene have relatively small scattering cross 
sections. To bring the fast neutron flux down to epithermal energies (~eV±) where water 
becomes an efficient moderator, one needs to use a high –Z material. Pound for pound, 
iron i.e., steel is very good and inexpensive. But we cannot have significant amounts of 
iron in the dump, except in the shell. Increasing the shell thickness beyond what is 
needed to be a safe pressure vessel should perhaps be investigated. This will, however, 
not help with that portion of the neutron flux which is near 180°. Once in the epithermal 
range or below, water does an excellent job to thermalize neutrons. 
 
The use of boron as a thermal neutron absorber ending in the stable isotope 7Li is not 
new. It has been widely used in control rods in nuclear reactors, where the boron is 
alloyed into the steel control rods. 
 
At SLAC, at the time of construction, we have added boron-containing serpentine or grey 
rock to the concrete that was poured to form the high power collimator, momentum slit 
and beam dump enclosures. The motivation was to have lower activation levels in the 
local power absorber environment and make it more user friendly for maintenance work, 
and also to reduce the potential for soil activation outside.  
 
Also, the top 2 ft of the penetrations leading from the Klystron Gallery to the Accelerator 
Tunnel (which house the rectangular waveguides, water and power) were packed with 
serpentine to absorb thermal neutrons crawling up from the linac housing. The serpentine 
mineral does contain some asbestos, and the packing was removed some years ago for 
obvious reasons. 
 
So, how can we use boron in our radioactive water system? Boron is a very reactive 
element and would have to be added in form of a stable compound like boron carbide 
(B4C) or boron nitride (BN). These are ceramic like materials that could perhaps be 
placed just outside the dump shell or as a liner of the dump cave. It might be costly and 
one would have to do a cost-benefit analysis, since the dump generated neutron flux is 
only ~50% of the total to be reckoned with by the detector. On the other hand, making 
the dump cave environment more user and maintenance friendly might still justify a 
significant investment. Other possibilities might be aluminum boride (AℓB12) containing 
a large amount of boron, or other borides like BaB6, CaB6  and many of the equivalent 
rare earth compounds. I do not know in what form they come, how inert they are, or their 
cost. 
 
There are quite a few borates that “perhaps” could be added to water. Unfortunately, for 
these radioactive dump water cooling systems to operate without corrosion and with high 
reliably over long periods of time, we have to have a demineralizer/doionizer bypass loop 
to keep the resistivity above106 Ω-cm. The mixed bed ion exchange columns would very 
efficiently remove the boron ions from the water and the columns would have to be 
prematurely exchanged. This procedure wants to be minimized, since these columns also 
filter out the photo-spallation produced beryllium 7Be (T½ = 53 days).. 
 
There are elements like cadmium, indium and others that also have pronounced 
absorption peaks in the thermal and epithermal regions with very high cross sections. 
They come with too much undesirable baggage and were thus omitted.  
 
So, while I do not have all the answers, quite to the contrary, I nevertheless at this point 
do not have this warm and cozy feeling about adding anything to the water. There are just 
too many unknowns. We should first exhaust optics/geometry solutions to reduce the flux 
of dump water generated neutrons from the detector. 
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